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INVEST IGATIO N INTO ALTERN ATIVE COMPRESSOR TECHNO LOGIES FOR
VARIAB LE SPEED
REFRIG ERATIO N APPLIC ATIONS

Dr S A Tassou and Mr T 0 Qureshi
Departm ent of Mechanical Engineering
Brunei, The Universi ty of West London
Uxbridge, Middlesex UBB 3PH, UK.

ABSTRA CT
This paper presents the results of experimental investiga tions into the
performance of alternative
refrigeration compressor technolo gies for variable speed capacity control. The
investiga tions included an
open-typ e reciprocating compressor, an open-typ e rotary vane compres
sor and a semi-hermetic
reciprocating compres sor operating both under Constan t Head Pressure and Floating
Head Pressure control
strategies. The results indicate that all three compressors were designed
for maximum efficienc y at
maximum fixed speed corresponding to the frequenc y of 50 Hz. Only the
open-typ e reciprocating
compres sor exhibited an increase in the COP with a reduction in the compressor
speed when operated at
constan t head pressure. All three compressors exhibited a significa nt improve
ment in the COP when the
reduction in speed was accompanied by a reduction in the head pressure.
Nomenc lature
CHP
Constan t Head Pressure
COP
Coefficie nt of Performance
FHP
Floating Head Pressure
PWM
Pulse Width Modulat ion
VSD
Variable Speed drive

INTROD UCTION
The application of variable speed drives to commercial refrigeration systems
offers the potentia l for
substant ial energy savings but to date this potentia l has remained unrealised due
to a number of problems
associated with the design and application of these systems. More analytically
these problems include:
•
High capital cost.
•
Uncertainties about the efficienc y and cost effective ness of variable speed drives
in service which
stems from the lack of informat ion on the performance of the variable speed system
compon ents
when coupled together to provide a variable speed compressor drive.
•
Applicat ions of variable speed drives have failed to produce the expected savings
in service due to
the fact that the design of these systems has been based on off the shelf 3-phase
inductio n motors
and Pulse Width Modulat ed (PWM) inverters. Both these components have
been developed for
general applications and may not operate at maximum efficienc y when combine
d to provide VSDs
for refrigeration compressors. They also include features not required for a dedicate
d applicati on,
contribu ting substant ially to the capital cost of the system.
•
The trend for multi-co mpresso r refrigeration packs in retail refrigeration which
provide multi-ste p
capacity control and which have reduced the requirement for the application
of infinitely variable
speed control.
Consequently, the program of work currently being carried out at Brunei Universi
ty, UK, aims to quantify
the performance of various compres sor!VSD combina tions and provide answers
to the various areas of
uncertai nty regarding the potential of variable speed refrigeration systems.
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The performance investigatio ns have been carried out on an experimental test facility in the laboratory. The
facility is based around a chiller of a nominal cooling capacity of 25 kW. The chiller is equipped with a shell
and tube condenser, a shell and tube direct expansion evaporator coil, and an electronic expansion valve.
The design allows the installation of different types of compressors and drives for comparative
investigations. Test conditions on the chiller are achieved through a water loading system and a
recirculator y air tunnel which acts as a balancing mechanism between the hot and cold sides of the system.
Further details on the test facility can be found in references !1 ,2,31.
Tests were carried out at constant condenser pressures (head pressures - CHP) of 12, 14, 16 and 18 bar
(absolute) and floating head pressures between 11 bar and 18 bar with the 11 bar pressure corresponding
to the speed of 25 Hz and the 18 bar corresponding to the maximum speed of 60 Hz. The results are
described briefly in the following section.
EFFECT OF VARIABLE SPEED ON THE SYSTEM PERFORM ANCE
In capacity control cooling applications, the compressor speed influences various operating and design
parameters such as capacity, power consumptio n, COP, volumetric and isentropic efficiency. In this section
the performance of each compressor under variable speed conditions is discussed.
Performan ce Characteri stics Under Constant Head Pressure Conditions
The effect of compressor speed on the cooling capacity of the three compressors at a constant condensing
(head) pressure of 1 5 bar is shown in Figure 1 . It can be seen that all three compressors exhibit almost a
linear increase in capacity as the compressor frequency is increased from 25Hz to 60Hz. The characteris tic
of the rotary vane compressor is slightly flatter than that of the two reciprocating compressors. It can also
lower theoretical displacement than the
be observed that although the open type compressor has a slightly
3
3
in a slightly higher capacity over
results
it
semi-hermetic compressor 32.2 m /hr compared to 33.1 m /hr
efficiency of the open-type
volumetric
the entire speed range. This can be attributed to the higher
compressor over the speed range.
The variation of the volumetric efficiency of the three compressors with speed at the same had pressure
is shown in Figure 2. It is interesting to note that the volumetric efficiency of all three compressors reduces
with speed whereas one would expect the volumetric efficiency to increase as the speed is reduced due to
reduced throttling losses across the suction valve. This indicates that all three compressor s have been
designed for maximum volumetric efficiency at the design speed. The open-type compressor exhibits the
least reduction, of the order between 2 and 3%. The reduction is more pronounced in the case of the rotary
vane compressor where the volumetric efficiency drops from 80% to 70% as the speed is reduced from
50 to 25Hz.
The variation of the isentropic efficiency of the three compressors with speed is shown in Figure 3. All three
compressors exhibit a rising isentropic efficiency with a reduction in speed due to the fact that the discharge
superheat reduces as the speed of the compressor is reduced. The highest isentropic efficiency is exhibited
by the open type compressor. The isentropic efficiencies of the semi-hermetic and rotary vane compressors
are lower by more than 15 percentage points. In the case of the rotary compressor the low isentropic
efficiency can be attributed to the high friction losses and heat generated in the compressor by the 12
rotating vanes which come into contact with the compressor cylinder and cause a rise in the specific work
input. In the case of the semi-hermetic compressor the low isentropic efficiency can be attributed to the
high discharge temperature which is caused by the high suction superheat temperature. This is generated
by the heat of the compressor motor as the suction gas flows over the compressor windings to cool the
motor before entering the compressor cylinder. The increase in the suction superheat leads to an increased
discharge superheat and to a reduction in the isentropic efficiency. The variation of the discharge superheat
with speed for all three compressors is shown in Figure 4.
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The variation of the specific power consumption with speed for all three compressors is shown in Figure
5. Specific power is defined as the power input in kW per unit cooling capacity and is a dimensionless ratio.
In effect specific power is the inverse of the cooling COP. The power input is the power required at the
inverter input and includes the inverter and motor losses. It can be seen that for the entire speed range the
specific power for the rotary compressor is much higher than the specific power of the reciprocating
compressor. Furthermore, there is a significant increase in the specific power of the rotary compressor with
the reduction in speed and this can be attributed to increased friction losses which are caused by a reduced
oil film thickness between the vanes and the cylinder at the lower speeds. The spicific power of the semihermetic compressor shows only a small increase with the reduction in speed whereas the specific power
of the open-type compressor reduces with a reduction in speed. This is a desirable characteristic in variable
speed refrigeration applications.
Performance Characteristi cs Under Floating Head Pressure Conditions
In conventional fixed speed systems that utilise thermostatic valves as expansion devices the pressure in
the condenser is kept artificially high to enable proper control of refrigerant flow to the evaporator.
Microprocesso r controlled expansion valves which are now available on the market allow proper refrigerant
flow control at much lower pressure differentials and their control can be integrated with the compressor
speed control of a variable speed refrigeration system. Operation at floating head pressure enables maximum
benefits to be obtained from variable speed operation.
The COP of the three compressors for operation with both fixed and floating head pressures is shown in
Figures 6, 7, and 8 for the rotary vane, the open-type reciprocating and the semi-hermetic reciprocating
compressor respectively. For constant head pressure operation results for a number of condensing pressures
between 12 bar and 18 bar (absolute) are presented in steps of 2 bar. It can be seen that the COP of both
the rotary compressor and the semi-hermetic reciprocating compressor decreases with a reduction in the
compressor speed. This is caused by the reduction in the volumetric efficiency and the increase in the
specific work of compression at speeds lower than the design speed. The reduction in the volumetric
efficiency of the open-type compressor is not as pronounced as that for the other two compressor types
and thus a reduction in speed in the case of the open type compressor leads to a reduction in the specific
work and hence an increase in the COP. The percentage rise in the COP is a function of the head pressure.
At the head pressure of 18 bar the rise in the COP with the reduction in speed from 60 Hz to 25 Hz is 4.5%
whereas at the head pressure, for the same reduction in speed, the rise in the COP is 18%.
For floating head pressure operation it can be seen that all three compressors exhibit a significant increase
in the COP as the head pressure is allowed to drop from 18 bar to 11 bar with the reduction in speed from
60Hz to 25Hz. The increase in the COP is approximately 50% for the open type compressor, 67% for the
semi-hermetic reciprocating compressor and 100 % for the rotary compressor. The higher percentage
increase for the rotary compressor indicates that this compressor is more suitable for low pressure
applications.
CONClUSION S
The findings of this investigation can be summarised as follows:
1.
For fixed head pressure operation from the three compressors tested only the open-type compressor
exhibits an increase in the COP with a reduction in speed. The level of increase is a function of the
head pressure.
2.
At speeds lower than the design speed the rotary compressor suffers from a reduction of the
effectiveness of the hydrodynamic sealing between the rotating vanes and the cylinder whereas the
semi-hermetic compressor suffers from reduced motor cooling and higher refrigerant suction
temperatures.
3.
All three compressor types tested have shown a significant increase in the COP when a reduction
in the compressor speed was accompanied by a reduction in the head pressure.
4.
For maximum efficiency, the optimisation of variable speed systems should not at maximum
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5.

[1 1

£2)

[3)

load/maximum spe,ed conditions but at part load conditions at which refrigeration systems operate
for the majority of their life.
The motor efficiency has a significant effect on the overall COP of electrically driven refrigeration
systems. In variable speed systems high efficiency electric motors should be employed with
relatively flat efficiency/load characteristics.
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